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FLUX FITTING LINEAR MOTOR 

(X "BkCK&Rouklp op THE i^EKridH 

The invention relates to a flux-switching linear motor 
with at least two phases, consisting of a moving rig 
5 comprising at least two field coils each surrounding a 
magnetic armature defining moving magnetic poles and 
two permanent magnets magnetized in opposite senses, of 
a guidance stator tube exhibiting magnetic poles 
disposed along the stator tube, on at least one wall of 
10 the stator tube in such a way as to be successively 
facing the moving magnetic poles during the travel of 
the moving rig, and of means for switching the sense of 
the current in the coils. 



H 15 Most of the known linear motors consist of a moving rig 

fa 4 

m comprising several coils travelling past one or two 

W rows of permanent magnets carried by a rail. Such a 

\\ 

«sy motor is described for example in patent application 

se EP 0 161 677. In this motor, the magnets are disposed, 

20 with alternating poles, along the whole of one of the 

py inside faces of an amagnetic member, made of aluminum 

0 for example, the succession of magnets defining a 

p 

spacing of periodic structure. In its simplest form, 



the moving rig consists of two coils fitted with wipers 
25 for the DC current supply thereof, switched by two 
tracks disposed on the opposite inside face of the 
member. The coils are offset by a quarter of a spacing 
and supplied in phase quadrature. According to another 
embodiment, the moving rig consists of three coils 
30 offset by a third of a spacing and supplied with 
currents offset by 120° . 

Another exemplary embodiment is described in patent 
application GB 2 233 835. In this embodiment, the 
35 moving rig, consisting of three coils, overlaps the 
fixed magnets disposed in the plane of symmetry of a 
U-profile member. 
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These structures therefore require magnets over the 
entire length of the path of the moving rig, although 
only some of them are active at a given instant. If 
high-performance permanent magnets are used, the cost 
of such an installation is considerable and becomes all 
the more unacceptable the greater the length of the 
installation. The use of ferrites would enable this 
cost to be made tolerable, but at the price of mediocre 
performance. Moreover, simply reducing the length by 
sawing the linear rail, in the case of a necessary 
adaptation on-site, becomes a complex operation which 
requires the prior dismantling of the magnets and 
careful cleaning of the entire rail after operation. 
Another drawback appears when the motor is working in 
an industrial environment: the metal particles 
encountered in such an environment are attracted by the 
magnets and interfere with proper operation of the 
motor . 

The motor described in patent EP 0 667 991 remedies 
these drawbacks. The guidance tube in which the moving 
rig travels no longer comprises magnets, but is itself 
made of a ferromagnetic material and is cut in such a 
way as to exhibit stator poles disposed in two opposite 
rows, the poles of one row being offset linearly 
relative to the poles of the other row. Each phase of 
the moving rig comprises a field coil surrounding an 
armature consisting of three pole pieces between which 
are disposed two permanent magnets of opposite 
polarities, magnetized along the direction of travel of 
the moving rig. The stator poles and moving poles are 
arranged in such a way that in a first of two positions 
of conjunction of the armature, two first moving poles, 
each belonging to a respective one of the pole pieces, 
coincide with two stator poles belonging to two 
different rows of stator poles, while the other two 
moving poles are offset with respect to the stator 
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poles, whereas in the second of the two positions of 
conjunction, the other two moving poles coincide in 
turn with stator poles, the first two moving poles 
being in turn offset with respect to the stator poles. 

Whereas such a motor has the advantage of comprising no 
fixed magnets, the tubular form of the stator makes it 
complex to manufacture as far as the precision required 
to reduce the size of the gap is concerned. Moreover, 
the mechanical linking of the moving rig to the driven 
object requires that the stator tube be split on one of 
its sides, over its entire length, this impeding its 
magnetic efficiency. Furthermore, the loads applied to 
the pole pieces of the armature are asymmetric, thereby 
engendering one or more torsional couples on the moving 
rig. This drawback makes it essential to considerably 
rigidify the structure and/or to increase the gap. It 
is noted, furthermore, that the magnetic leakages 
existing between the moving rig and the noncut sides of 
the stator tube degrade the performance of the motor. 
Finally, the stator tube opposes the bending operations 
required in order to produce direct actuators, even in 
the case of a high radius of curvature. 

vohod 15 needed is a device +if\o& remedies 

T-h-e- — i~h-e — pi^^»^4w^^ l o^ j,.s — -fep £^me#^ the 

i . . . , , , . Xo Var^iCydar whcdris needed (5a« 

abovementioned drawbacks, «^a-fe— ^b—^- — s-ay- to xncrease 

A. 

the magnetic efficiency of the stator, to reduce the 
magnetic leakages and to make it possible to produce 
curves by bending the guidance stator tube. 



The linear motor according to the invention is 
characterized in that the permanent magnets are 
disposed outside the coils of the moving rig and that 
they are magnetized along an axis parallel to the axis 
of the coil, and in that the stator magnetic poles 
consist of pieces made of magnetic material fixed in a 
guidance tube made of amagnetic material, the dimension 
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of the magnets as measured along their magnetic axis 
being chosen in such a way as to create narrow gaps for 
the movement of the magnets past the stator poles. 

5 The stator pole pieces are preferably disposed 
pairwise, on either side of the axis of the guidance 
tube, and the dimension of the permanent magnets as 
measured along their magnetic axis corresponds to the 
distance separating two opposite stator pole pieces. 
10 This disposition has the advantage of eliminating the 
torsional couple on the moving rig. 

According to two embodiments of the invention, the 
J* magnets of opposite polarity are disposed 

Q 15 symmetrically, either (variant 1) with respect to a 
W plane containing the axis of the coil and a 

ui perpendicular to the direction of the stator tube, or 

S| (variant 2) with respect to a plane containing the axis 

pg t 

^ of the coil and the axis of the stator tube. 

\& 2 0 

P The guidance tube can consist of a U-profile member, as 

jpff in the case of linear motors with fixed magnets, 

0 thereby making it possible to link the movinq riq 

Mis 

mechanically to a driven object without prejudicing 
25 performance. The loads on the moving rig are perfectly 
symmetrical so that there is no torsional couple. 
Consequently, modest guidance is sufficient to keep the 
moving rig in the central position in the guidance tube 
during its motion. Furthermore, nothing prevents the 
30 two or three phases from being articulated either via a 
ball and socket joint, or simply by utilizing the link 
between the pairs of alternating magnets in direct 
contact, in the case of variant 1. A modest gap between 
two phases, created by a central stud, allows a 
35 rotation of one of the phases with respect to the 
other. In this case, two neighboring field coils are 
linked by two magnets of opposite polarities. 
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According to a simplified embodiment, the stator pole 
pieces are disposed on a single wall of the guidance 
stator tube and the moving rig is equipped with a 
magnetic short-circuit plate on the opposite side from 
the stator pole pieces. The effect of this plate is to 
create an image of the stator poles. 

The neighboring coils may share a common magnet. For a 
three-phase setup, according to variant 1 or according 
to the simplified embodiment, the two common magnets 
are then polarized in opposite senses. 

In all cases, the switching of the current in the field 
coils can be achieved through an AC or DC current 
supply, as described in the prior art, in particular in 
patent EP 0 667 991. The switching can be achieved by 
conducting tracks of suitable shape, as described in 
patent EP 0 161 677 or be achieved by a switching 
device mounted on the moving rig, as described in 
patent EP 0 667 991. 

The appended drawing represents, by way of example, a 
few embodiments of the motor according to the 
invention. 



Figure 1 is a perspective view of a stator tube member 
in which there travels a moving rig, only a single 
phase of which has been represented, according to 
variant 1 . 

Figure 2 is an exploded depiction of Figure 1. 

Figure 3 is an end-on view of Figure 1, along the axis 
of the stator tube. 

Figures 4A to 4D illustrate the principle of switching 
the flux in a phase. 
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Figure 5 schematically represents, for a three-phase 
motor in which each phase is fitted with two distinct 
permanent magnets, a dynamic sequence of successive 
5 positions offset by 1/6 of a spacing and the 
corresponding distribution of the flux in the three 
phases . 

Figure 6 is a similar representative view for a 
10 three-phase motor in which the phases have a permanent 
magnet in common. 

Figure 7 is a front view, in a plane parallel to that 
of the stator lugs, of a moving rig according to a 
15 second embodiment. 

Figures 8a to 8e represent the moving rig of Figure 7 
and the stator lugs, in five successive positions of 
the moving rig. 

20 

Figure 9a represents a simplified embodiment, with a 
disposition of the stator lugs on a single face of the 
stator tube. 

25 Figu re 9b illustrates the mirror effect obtained in the 
embodiment according to Figure 9a. 

Figure 10 represents a two-phase embodiment, according 
to variant 2, viewed from the front in a plane parallel 
30 to that of the lugs. 

Figures 11a to 11c represent the moving rig of 
Figure 10 and the stator lugs, in three successive 
positions of the moving rig. 

35 

Figure 12 represents a variant of the disposition of 
the stator lugs used in Figure 11. 

De-VculeA DescnpK&n o9 +he "Preferred Embed me/vb 
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W g r- r e - f cr to Figures 1 t- Q — 



A 



spbre- motor represented comprises a stator tube 1 

A 

consisting of a U-profile amagnetic guidance member of 
5 rectangular section, made for example of aluminum. It 
could also be made of a synthetic material, since it 
serves merely as support to the stator poles consisting 
of pads or of rectangular lugs 2 made of ferromagnetic 
material, soft steel for example. These pads 2 are held 
10 by tight engagement in pairs of opposite grooves 3, 4 
formed in the member 1 in such a way as to be fixed 
against the internal faces of the two parallel opposite 
legs of the U-profile member. The pads 2 are positioned 
j£ pairwise, such that the two pads of a pair are situated 

q 15 one facing the other, symmetrically with respect to the 



The moving rig comprises two or three phases, such as 
25 the phase PI represented in Figures 1 to 3, each of 
these phases consisting, in principle, of a coil 7 
whose axis is perpendicular to the plane of the stator 
poles 2, this coil surrounding a core 8 made of 
magnetic material constituting the armature. Disposed 
30 on each side of the coil 7, along the axis of the 
stator tube 1, are two permanent magnets 9 and 10 
magnetized in opposite senses parallel to the axis of 
the coil. Fixed at the two ends of the coil 7 are two 
rectangular flanges 11 and 12 made of amagnetic 
35 material, preferably of synthetic material, 

collaborating in the fixing of the permanent magnets 9 
and 10. The core 8 and the permanent magnets 9 and 10 




14 



20 



axis of the member 1. The successive pairs of pads 2 
are equidistant and spaced apart by a distance defining 
the spacing of the motor. In its transverse wall, the 
tube 1 furthermore has two additional grooves 5 and 6 
for guiding the moving rig, as will be described later. 
These grooves 5 and 6 may be coated in a material 



facilitating the sliding of the moving rig. 
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exhibit substantially the same square section viewed 
along the axis of the stator tube 1 and they are 
aligned along this axis. Viewed from the side, the core 
8 and the magnets 9 and 10 exhibit a rectangular 
5 section whose width can vary depending on the 
embodiment. A two-phase moving rig consisting of two 
phases such as PI juxtaposed and a three-phase moving 
rig consisting of three phases such as PI juxtaposed. 

10 As may be seen in Figure 3, the moving rig is guided in 
the tube 1 by its two flanges 11 and 12 sliding in the 
grooves 5 and 6. The distance between the permanent 
magnets 9 and 10 or the core 8 and the stator poles 2 
defines two gaps el and e2. 

15 

Figures 4A to 4D illustrate the principle of the motor 
according to the invention, in variant 1 thereof. 

In the position represented in Figure 4A, the core 8 is 
20 situated between a pair of stator poles 2, the 
neighboring pairs being situated at distances such that 
the permanent magnets 9 and 10 are not engaged between 
these neighboring pairs. The magnetic fields of the two 
permanent magnets 9 and 10 tend to close up through the 
25 neighboring stator poles 2 of the core 8 and through 
this core 8. These two fields being equal and opposite, 
the magnetic flux in the core 8 is zero. 

If the moving rig is displaced toward the right so as 
30 to be in the position represented in Figure 4B, it is 
noted that in this position the main flux in the core 8 
originates from the permanent magnet 10 near the stator 
poles 2. This flux passes through the coil 7 in the 
first sense indicated by the small curved arrows. 

35 

By continuing to displace the moving rig toward the 
right, the position represented in Figure 4C is 
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reached, in which the coil 7 is situated exactly midway 
between two pairs of stator poles 2, the permanent 
magnet 9 being between the two stator poles of one pair 
and the magnet 10 between the stator poles of the 
neighboring pair. In this position, the resultant flux 
in the coil is again zero. 

By continuing to displace the moving rig toward the 
right, the position represented in Figure 4D is 
reached, this being the position symmetric with the 
position represented in Figure 4B. In this position, 
the main flux now originates from the magnet 9 which 
flows in the direction indicated by the small curved 
arrows. This flux passes through the coil 7 via the 
core 8 in a second sense opposite to that of the 
position represented in Figure 4B. 

The displacement of the coil between the magnetic 
pieces 2 therefore makes it possible to obtain an 
alternating electromotive force. 

The field of the magnet 9 in Figure 4B and that of the 
magnet 10 in Figure 4D produces an unwanted flux in the 
core 8 which constitutes a magnetic loss. The distance 
between the poles of the magnet 9 in Figure 4B and the 
ends of the core 8 on the one hand and the stator pole 
pieces 2 through which the main flux passes is however 
relatively large, so that the loss is very small, 
unlike what occurs in the structure according to patent 
EP 0 667 991. By using lugs beveled on the opposing 
edges it is possible for magnetic losses to be further 
limited . 

The juxtaposition of two or three moving rigs, as is 
represented in Figures 1 to 3, and schematically, in 
Figures 4A to 4D, makes it possible to produce a 
two-phase or three-phase motor, respectively. 
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A three-phase motor is represented schematically in 
Figure 5. It consists of three phases Pi, P2 and P3 the 
axes of whose coils are respectively offset by 1/3 of a 
spacing and 2/3 of a spacing relative to the stator 
5 spacing defined by the distance between two successive 
pairs of stator poles. The distance between the axes of 
two neighboring coils is therefore equal to 4/3 of a 
spacing. In the case of a two-phase motor, the axes of 
the coils would be offset respectively by H of a 
10 spacing relative to the stator spacing. Obviously, 
these offsets are given to within an integer number of 
spacings, and it is possible to add a half-spacing 
thereto or subtract a hal f -spacing therefrom, simply by 

H reversing the current in the relevant coil . 

5 15 

p Figure 5 represents a dynamic sequence of the six 

W positions offset by 1/6 of a spacing and the 

J: corresponding distribution of the flux in the three 

a phases. The signs +, -, o appearing on the right of 

^ 20 each sequence indicate the presence of a flux in the 

pj core of each phase and its sense, in the absence of 

{.H current. Thus, for example, -/ + /o signifies that in 

phase Pi there is a "negative" flux directed downward, 
for P2 a "positive" flux directed upward and for P3 a 
25 zero flux, and so on. 



As is done in any DC machine, the current in a coil is 
reversed at the moment at which the induced 
electromotive force vanishes and changes sense, that is 

30 to say at the moment at which the flux in this coil is 
a maximum, in one sense or the other. As in patent 
EP 0 667 991, each phase can be equipped with a pair of 
wiper contacts travelling over supply tracks made of 
copper printed on an insulating support mounted in the 

35 bottom of the stator tube 1, that is to say between the 
grooves 5 and 6. These tracks are supplied with DC 
current and switching can be achieved through the 
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shape, in the form of nested recesses, of the two 
tracks, as represented and described in patent 
EP 0 161 677. It is also possible to supply the coils 
via two continuous straight conductor rails and to 
5 achieve switching by means of a switching device 
mounted in each of the phases of the moving rig, as 
described in patent EP 0 667 991 and as is known to the 
person skilled in the art. Special-purpose electronic 
circuits readily allow such control, based on the state 
10 of Hall-effect sensors mounted directly on the moving 
rig, for example the MC33033 integrated circuit from 
Motorola . 



The structure of the stator tube alone makes it 



M 
O 

Cl 15 possible to produce curves by bending the tube 1. In 

W the moving rig, the three phases of the motor 

£3 

|.j represented in Figure 5 can be articulated together in 

%| such a way as to facilitate the uptake of curve. This 

articulation 14 can be effected via a ball and socket 
20 joint or quite simply by utilizing the magnetic link 
between the alternating pairs of magnets in direct 
infl contact, by leaving a modest gap between two 

C.3 neighboring phases, which gap is caused by a central 

stud allowing rotation of one phase with respect to the 
25 other. 

If the moving rig does not need to be articulated, it 
can be simplified as represented in Figure 6 which 
represents a sequence in a similar manner to Figure 5. 
30 In this embodiment the magnets 9 and 10 linking two 
phases together are replaced by a common magnet 13 
whose sense of magnetization is respectively opposite 
to the sense of magnetization of the nearest exterior 
magnet, the polarities of the magnets 13 consequently 
35 being mutually opposite, as is apparent in Figure 6. To 
recover operation similar to that of the embodiment 
represented in Figure 5, the connections of the coil of 
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phase P2 should be reversed, as emerges from the flux 
distribution indicated for each of the positions of the 
sequence. It is clear that this disposition with common 
magnet prevents a considerable leakage flux between 
directly neighboring reverse-polarized magnets. 

In the embodiment represented in Figures 1 to 3 the 
moving rig could obviously be fitted with rollers 
running in the grooves 5 and 6. 

The practical embodiment of a linear motor according to 
the invention is accompanied by alterations suitable 
for optimizing its performance. Figure 7 and Figures 8a 
to e show a device with two-phase moving rig, now 
viewed from the front, in a plane parallel to that of 
the lugs. 

For the sake of convenience and use of standard 
components, the magnets 9' are here cylindrical, each 
of the previous rectangular magnets being replaced by a 
pair of magnets, crimped into a casing 15. By 
convention, a dark face will be said to correspond to a 
North pole . 

The coils 7' are also cylindrical, as are their cores 
8', but a pole shoe 16, elongate in a direction 
perpendicular to the motion, is advantageously disposed 
on either side of each coil/core assembly. This shoe 
ensures the dual function of collecting the flux 
transmitted by the lugs 2, and of mechanically holding 
the coil in the casing 15. 

Finally, it is very advantageous to dispose, parallel 
to the axis of the magnets and of the cores and with 
the same length, soft steel magnetic pads 17, intended 
to ensure the correct flow of the flux of the magnets 
which are not in a position of linkage with a coil core 
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10 



at a given instant. Like magnets and coils, these pads 
17 pass right through the casing 15. 

Figure 8a represents the moving rig facing a row of 
stator lugs 2, in an initial position. For greater ease 
of viewing, the lugs 2 here have an exaggerated height: 
it is amply sufficient that they overlap the magnets, 
and any superfluous height is manifested as an increase 
in the magnetic leakages from lug to lug. 



Because of the respective positions of the moving rig 
and of the lugs, it is noted that the coil of phase PI 
is, ideally, completely traversed by the flux of the 
Q South magnets situated to its right, while the North 

■a bps- 

15 magnets situated to its left have their flux closed up 
by the left end pad 17. At the same instant, the flux 
in phase P2 is zero. 



B An instant later, in Figure 8b, the flux in PI has 

J? 20 decreased, while the flux in P2 increases, arising from 

fy the North magnets situated to its right. 

m 

j2 The instant of Figure 8c is magnetically offset by a 

quarter of a spacing with respect to 8a: the flux is 

25 now zero in PI, while it is a maximum in P2 . And so on 

and so forth: immediately afterwards, the flux in PI 

originates chiefly from the North magnets situated to 
its left . 



30 It is noted that this disposition of the elements makes 
it possible both to overlap magnets and cores during a 
conjunction, and to prevent a situation of quasi-zero 
flux from lasting too long. 

35 Finally, all the embodiments described in the patent 
suit a simplified version, represented in Figure 9a, 
with a single row of stator lugs 2, and a magnetic 
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short-circuit or flux closure plate 18, secured to the 
moving rig, on the side where the stator lugs are 
omitted. This disposition has the advantage of greater 
simplicity of production, especially when bending. On 
the other hand, there is no longer as previously 
balancing of loads, hence the need for more careful 
guidance, especially with the aid of casters. From the 
magnetic standpoint, such a magnetic short-circuit 18 
is known to play the role of mirror. Everything occurs 
as if there were still a double row of stator lugs 2, 
but with a distance at least twice the width of the 
moving rig as is illustrated in Figure 9b, where the 
image lugs 2' are represented dashed. 



Figure 10 now represents a moving rig according to the 
second variant of the invention. The magnets of like 
polarity are now disposed on the same side of the plane 
defined by the axis of the coils and the axis of the 
stator tube. On taking as orientations those defined by 
the sheet, the magnetic flux which on average 
previously flowed horizontally, originating from the 
magnets situated either on the left or on the right of 
the coil, will now be said to flow on average 
vertically, originating from the magnets situated 
either above or below the coil. As previously, it is 
the disposition of the stator lugs which favors one or 
other sense of flow of the resultant flux in the core . 



The principle of variant 2 is sufficiently close to 
that of variant 1 as to be capable of direct 
illustration in a two-phase embodiment, here one which 
is particularly compact in the direction of motion. In 
Figure 10, the two coils 9'' are separated by three 
quarters of a stator spacing. No pole shoe is used on 
the cores 8 of the coils. Two lateral flux closure 
elements 17 are used, here in cylindrical form. 



a 
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Figures 11a to 11c illustrate the manner of operation 
of this variant 2 in the presence of stator lugs 2''. 
The latter have a T shape which minimizes the 
lug-to-lug leakages, as would likewise a triangular 
5 shape, and are again disposed pairwise, symmetrically 
on either side of the plane parallel to the lugs and 
containing the axis of the stator tube. There are now 
two pairs of stator lugs 2'' per spacing: the lugs are 
oriented alternately upward and downward every 
10 half-spacing. 

Because of the respective positions of the moving 
rig 15 and of the stator lugs 2' ' , it is noticed in 
Figure 11a that the coil of phase PI is, ideally, 
15 completely traversed by the flux of the South magnets 
situated below, while the North magnet situated above 
and to the left has its flux closed up partially by the 
left end auxiliary cylinder 17. At the same instant, 
W the flux in phase P2 is zero, both on account of 

| 4 20 symmetry and because the core of the coil of P2 tends 
C3 to become short-circuited by the magnets which lie to 

etc t 

the top left and bottom right of P2 . 



A quarter of a spacing later, in Figure lib, the flux 
25 in PI has become zero, while the flux in P2 is a 
maximum, arising from the South magnets situated below. 

The instant of Figure 11c is offset by half a spacing 
with respect to 11a: the flux is now zero in P2, 
30 whereas it is a maximum in PI, now originating from the 
North magnets situated above. And so on and so forth. 

It will be observed that variant 2 allows the sharing 
of common magnets between consecutive phases. In the 
35 limit, the top and bottom magnets could be two 
individual rectangular magnets placed above and below 
(in the drawing) the coils, that is to say on each side 
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of the coils when referring to the direction of travel 
of the moving rig. 

Likewise, in principle this variant permits a link up 
of all the upper stator lugs and of all the lower (in 
the drawing) stator lugs: there would then be, on each 
of the stator faces used, two pieces in the form of 
nested combs. This linking of the lugs would not 
however be used, owing to the appreciable increase in 
magnetic leakages which it brings about. 

Finally, it is possible to apply the alterations 
relating to variant 1 to variant 2, especially the use 
of a magnetic short-circuit on one face of the moving 
rig so as to use just one face of the stator member. 

Finally, Figure 12 illustrates one ■ of the countless 
embodiments inspired by the invention. This is a 
variant of the previous case, but this time the stator 
lugs 2' ' and 2''' of one and the same pair are 
symmetric with respect to the axis of the stator tube. 
The lugs 2' ' belonging to the same face of the stator 
tube have been represented with thick lines and the 
lugs 2' ' ' belonging to the opposite phase have been 
represented with thin lines. To make viewing easier, 
the coils are represented only by their core 8. Phase 
PI is in a position of maximum flux. It is observed 
that the flux of one pair of magnets passes through the 
core and then the pair of magnets of opposite polarity, 
this time in series with the previous pair, before 
closing up here in the air, which will give it a small 
value. A three-phase embodiment allows the flux to 
close up through the core of the other two coils. 
However, the lengthening of the flux lines according to 
such a magnetic circuit is detrimental to the flux 
value obtained. 
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Variant 1 also allows the magnets of alternate polarity 
to be placed in series by using for example diagonally 
arranged lugs, of opposite direction on the two faces 
of the stator tube. However, here again the fluxes 
obtained are too small to justify the use of this 
disposition • 

It is clear that any degraded version of the 
embodiments presented here is covered by the invention, 
such as for example the use of a single stator face 
without there being any magnetic short-circuit on the 
moving rig, or else the use of soft steel elements in 
partial substitution for the magnets, or else the 
making of an equivalent of the two top and bottom 
magnets of variant 2 through a single magnet, 
perpendicular to the axis of the coils and to the axis 
of the stator tube, associated with pole pieces, or a 
geometry and disposition of the lugs bringing about the 
placement in series of the magnets of alternate 
polarity and hence a lengthening of the paths of the 
fluxes . 



